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PENCIRIAN DAN SIFAT-SIFAT KOMPOSIT SERAMIK TERMAJU 
DIPERKUAT DENGAN PENGISI NANO BIOJISIM KARBON TERPILIH 
 
ABSTRAK 
 
Tujuan kajian ini adalah untuk meneroka karbon hitam daripada biojism pertanian dan 
sisa pertanian untuk menilai pengisi nano karbon (CNF) sebagai bahan dalam aplikasi 
seramik. Biojisim daripada buluh , hampas tebu dan abu kelapa sawit digunakan sebagai 
pendahulu untuk menghasilkan pengisi nano karbon hitam. Relau pirolisis dijalankan 
pada 800°C dan diikuti dengan pemprosesan bebola -kilang untuk mendapatkan CNF 
dalam lingkungan 50 nm 100 nm. CNF ditambah kepada alumina dalam pelbagai 
peratusan berat badan matrik dan tertakluk kepada pensinteran vakum pada 1400°C 
untuk menghasilkan komposit nanobioseramik. Sifat fizikal, kimia, terma dan morfologi 
CNF dan komposit nanobioseramik dikaji. Ciri-ciri fizikal kekerasan Vickers, patah 
kekuatan dan spesifik graviti dianalisakan untuk komposit. Analisis kimia dijalankan 
dengan analisis pH dan jelmaan Fourier inframerah (FT-IR) untuk CNF. Analisis terma 
telah dikaji dengan penganalisis Termogravimetri (TGA) untuk CNF dan komposit. 
Kajian morfologi pada komposit dan CNF dijalankan dengan mikroskop imbasan 
elektron (SEM), mikroskop elektron transmisi (TEM) dan sinar-X (XRD) untuk CNF 
dan komposit. Analisis kekonduksian terma, kekonduksian elektrik dan pelepasan 
pengukuran elektrostatik (ESD) dijalankan ke atas komposit nanobioseramik.  
Peratusan karbon telah diterangkan, seperti berikut: BM- CB > BG- CB > OPA -CB 
oleh analisis EDX. Kesan penambahan CNF ke atas kekerasan Vickers (HV20) 
menunjukkan trend penurunan untuk setiap siri CNF, disebabkan oleh kesan 
mikrostruktur menyematkan dalam punca alumina dengan saiz butiran nano. Begitu 
juga, graviti spesifik (SG) dan ketahanan patah berkurangan apabila berat % CNF 
xvii 
 
bertambah. Diperhatikan bahawa alumina CNF seramik komposit menjadi lebih ringan 
dan lebih rapuh dengan muatan CNF bertambah. Penurunan yang ketara diperhatikan 
apabila muatan meningkat daripada 0.05% kepada 0.5%, yang membuat komposit 
seramik lebih ringan daripada alumina asal. Keputusan TGA tidak menunjukkan 
sebarang perubahan penting dalam kestabilan terma antara CNF berbanding dengan 
karbon hitam. Tiada perubahan ketara komposit nanobioseramik berbanding dengan 
alumina asal. Keberaliran haba bagi komposit CNF alumina meningkat dengan 
kandungan CNF. Pengembangan haba (CTE), tidak ketara atau berkelakuan “null” sama 
seperti alumina asal dengan peningkatan CNF. Komposit nanobioseramik juga tidak 
menunjukkan sebarang perubahan ketara berbanding dengan alumina asal. pH dan 
analisis FT-IR, memberi hampas tebu,lebih asid dan buluh bersifat alkali. Dari segi 
morfologi, komposit nanobioseramik bergantung kepada struktur “grain bounary” CNF 
and matriks alumina, yang memberikan struktur perpaduan tidak sekata “cohension”.  
Analisis elektrik pada I-V menunjukkan peningkatan CNF berat. % ke dalam matriks 
alumina, kenaikan linear diperhatikan. CNF berat 1% dan 0.5 %, CNF seramik 
komposit mengendalikan hampir 3.0E -10 mA arus berbanding dengan 0.05% dan 0.1 
%. Kewujudan CNF di dalam alumina memberi sifat baru komposit nanobioseramik, 
mengekalkan pengembangan haba tetapi meningkatkan ciri-ciri elektrik. ESD 
memberikan ramalan dari “insulative” alumina ke “static-dissipative”dengan menambah 
CNF. Keputusan dapat disimpulkan dengan pemahaman yang jelas terhadap interaksi 
CNF ke atas mikrostruktur dan sifat bagi komposit nanobioseramik. Ciri-ciri 
diperhatikan daripada kajian ini akan memberi penambahan ke atas penggunaan 
teknologi fabrikasi maju dan untuk memaksimumkan manfaat daripada penggunaan sisa 
pertanian sebagai bahan pengisi nano karbon. 
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CHARACTERIZATION AND PROPERTIES OF SELECTED BIOMASS 
CARBON NANOFILLER REINFORCED ADVANCED CERAMIC 
COMPOSITES   
 
 
ABSTRACT 
 
The aim of this study was to explore the carbon black nanofillers (CNF) from 
biomass and agricultural wastes as reinforcement material in ceramic application. 
Biomass from bamboo, bagasse, and oil palm ash was used as the predecessor for 
producing carbon black nanofillers.  Furnace pyrolysis were carried out at 800°C and 
followed by ball-mill processing to obtain CNFs in the range of 50 nm to 100 nm.  The 
CNFs were added to alumina in varying weight fractions and subjected to vacuum 
sintering at 1400°C to produce nano bioceramic composites. The physical, chemical, 
thermal and morphology properties of CNFs and the nano bioceramic composite were 
studied. The physical property of Vickers hardness, fracture toughness and specific 
gravity was analysed for the composite. The chemical analysis conducted with pH 
analysis and fourier transform infrared (FT-IR) for CNFs. The thermal analysis was 
studied with thermogravimetric analyser (TGA) for CNFs and composite. The 
morphology studies on the composite and CNF conducted with scanning electron 
microscope (SEM), transmission electron microscope (TEM) and X-ray diffraction 
(XRD) for CNFs and composite. The nano bioceramic composite was further analysed 
for thermal conductivity, electrical conductivity and electrostatic discharge (ESD) 
measurement.  
The percentage of carbon was described respectively, as followed: BM-CB > 
BG-CB > OPA-CB by EDX analysis. The effect of CNFs’ loading on the Vickers 
hardness (HV20) shows a decrease trend for each series of CNFs, due to the 
xix 
 
microstructure pinning effect in alumina caused by the nano grain size of CNFs. 
Similarly, the specific gravity (SG) and fracture toughness decreased as the CNFs’ wt.% 
increased. It was observed that alumina-CNF ceramic composite becomes lighter and 
more brittle as the CNFs’ loading increases. The TGA results showed no significant 
changes in thermal stability between the CNFs compared to carbon blacks. Similarly, 
the nano bioceramic also showed no significant changes compared to neat alumina. 
Thermal conductivities of the CNF-alumina composites increased with CNFs loading. 
The trend in the thermal expansion (CTE), was not significant or behave null same as 
neat alumina with the increasing of CNFs. The pH and FT-IR analysis on CNFs, 
revealed bagasse was more acid and bamboo was alkaline in nature. In terms of 
morphology, the bio nano composite structure was much dependable on the grain 
structure boundary of CNFs and alumina matrix, which gave an  uneven cohesion 
structure.   
The electrical analysis on I-V showed an increase of CNF wt. % into the alumina 
matrix and gave a linear increment in current. At CNF wt 1% and 0.5% the CNF 
ceramic composite conducts close to 3.0E-10 mA of current compared to 0.05% and 
0.1%. The existence of CNFs into alumina maintains the thermal expansion but 
improves the electrical characteristics. The ESD properties gave a predictable result 
from insulative nature of alumina to static-dissipative nature of the nano bioceramic 
with increase of CNF wt. %.  The results obtained are highly encouraging and gave a 
vivid understanding of CNFs’ interaction on the microstructure and properties of the 
nano bioceramic composite.  The observation from this study will give an enhancement 
on the utilization of advanced fabrication technologies and to maximize the benefit from 
the agricultural wastes usage as carbon nanofiller materials. 
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DAMIEN, M. M., ÉRIC, G. & CARINE, C.J. 2011. Properties of Nanofillers in 
Polymer. In: JOHN, C. (ed.) Nanocomposites and Polymers with Analytical 
Methods. InTech. 
 
DANDEKAR, A., BAKER, R. T. K., & VANNICE, M. A. 1998. Characterization of 
activated carbon, graphitized carbon fibers and synthetic diamond powder using 
TPD and DRIFTS. Carbon, 36(12), 1821-1831. 
DEMIRAL, H., DEMIRAL, I., TUMSEK, F. & KARABACAKOGLU, B. 20083. Pore 
structure of actived carbon prepared from hazelnut bagasse by chemical 
activition. Surface and Interface Analysis. 40, 616-619.   
DEJONGHE, L.C. & RAHAMAN, M.N. 2003. Sintering of ceramic. Handbook of 
Advanced Ceramics. S. Somiya et al. (Eds), 187-199. 
DENG, J., ZHOU, J., FENG, Y. & DING, Z. 2001. Microstructure and mechanical 
properties of hot-pressed B4C/(W,Ti)C ceramic composites. Ceramics 
International 28, 425-430 
158 
 
DENG, J., ZHOU, J., FENG, Y,  & DIANG, Z. 2002. Microstructure and mechanical 
properties of hot-pressed B4C/(W,Ti)C ceramic composites. Ceramics 
International, 28, 425-430.  
 
DE JONG, K. P., & GEUS, J. W. 2000. Carbon nanofibers: catalytic synthesis and 
applications. Catalysis Reviews, 42(4), 481-510. 
DILLEWIJIN C.V. 1952. Botany of Sugarcane. Chronica Botanica. 371. 
 
DONNET, J. AND ANDRIES, V. 1976. Carbon black: physics, chemistry, and 
elastomer reinforcement. New York: M. Dekker. 
DU, L. & JANA, S.C. 2007. Highly conductive epoxy/graphite composites for bipolar 
plates in proton exchange membrane fuel cells. Journal of Power Sources, 172, 
734-741. 
DUTTA, S. 2001. Fracture toughness and reliability in high-temperature structural 
ceramics and composites: Prospects and challenges for the 21st Century. Bull. 
Mater. Sci., 24(2),  117–120 
ECHEBERRIA, J., MARTINEZ, V., SANCHEZ, J.M., BOURGEOIS, L., BARBIER, 
G. & HENNICHE, J. 2005. Sintering behaviour of low Co content cBN-WC/Co 
composites by either GEHIP or FAST. Proceeding of 16th International Plansee 
Seminar 2005. Eds. Kneringer, G., Rodhammer, P. & Wildner, H. Vol. 2, 
HM23, 434-448. 
 
ELSUMI, M. M  AND COLLIER, J. R. 1996. Production and Evaluation of Sugarcane 
Fiber Geotextiles, Report 2: Field Testing. Louisiana Transportation Research 
Center, Baton Rouge, LA. 
EL-TANTAWY, F. 2002.  New double negative and positive temperature coefficients 
of conductive EPDM rubber TiC ceramic composites. European Polymer 
Journal, 38, 567-577. 
 
ETIKA, K. C., LIU, L., HESS, L. A., & GRUNLAN, J. C. 2009. The influence of 
synergistic stabilization of carbon black and clay on the electrical and 
mechanical properties of epoxy composites. Carbon, 47(13), 3128-3136. 
ESD: Star Diagram Selector: i) Volume resistivity and ii) Conductivity /resistivity for 
different carbon black compounds, cited from www.cabot-corp.com/esd and 
www.cabot-corp.com/plastics. 
FANG, W., FEI, S.H. & WEN-BIN, F. 2009. Preparation and microstructure of 
nanocomposite Mg-3ni-2mno2 alloy by HDDR combined with ball milling. In: 
SHAHJAHAN MRIDHA, MOHAMMAD YEAKUB ALI & AFZERI., eds, The 
International Conference on Advances in Material and Processing Technologies 
(AMPT 2009). Kuala Lumpur malaysia. Advanced Material, 77 
159 
 
FIROOZIAN, P. 2011. Agricultural Waste Filled Epoxy Composites with Nano-
Activated Carbon. Ph.D, Universiti Sains Malaysia 
FOO, K. Y. & HAMEED, B. H. 2009. Value-added utilization of oil palm ash: A 
superior recycling of the industrial agricultural waste. Journal of Hazardous 
Materials, 172, 523-531. 
FOO K. Y., AND HAMEED B. H. 2009a. An overview of landfill leachate treatment 
via activated carbon adsorption process. Journal of hazardous materials.171 (1), 
54-60. 
FOO K. Y., AND HAMEED B. H. 2009b. Utilization of rice husk ash as novel 
adsorbent: a judicious recycling of the colloidal agricultural waste. Advances in 
colloid and interface science 152 (1), 39-47 
 
FU, X., AND CHUNG, D. D. L. 1996.“Degree of dispersion of latex particles in cement 
paste, as assessed by electrical resistivity measurement.Cem. Concr. Res., 26(7), 
985–991. 
 
FRYBORT, S., MAURITZ, R., TEISCHINGER, A., & MÜLLER, U. 2008. Cement 
bonded composites–A mechanical review. BioResources, 3(2), 602-626. 
GAUR, S. & REED, T. B. 1998. Thermal data for natural and synthetic fuels, CRC 
Press. 
GALUSEK, D.,  J. SEDLACEK, J., & RIEDEL, R. 2007. The Influence of Post-
Sintering HIP on the Microstructure, Hardness, and Indentation Fracture 
Toughness of Polymer-Derived Al2O3–SiC Nanocomposites. J. Eur. Ceram. 
Soc, 27,  2385–2392. 
GIBSON, I.R., BEST, S.M. & BONFIELD, W. 2002. Effect of Silicon Substitution on 
the Sintering/Microstructure of Hydroxyapatite.  J. Am. Ceram. Soc. 85, 2771-
2777. 
GOIMBUCHI, E., ICHIKAWA, T., KIMURA, K., ISOBE, S., NABETA, K. & FUJIII, 
H. 2006. Electrode properties of a double layer capacitor of nanostructured 
graphite produced by ball milling under a hydrogen atmosphere. Carbon. 44, 
983-988. 
GOJNY, F.H., WICHMAN, M.H.G., FIEDLER, B. & SCHULTE, K. 2005. Influence 
of different carbon nanotubes on the mechanical properties of epoxy matrix 
composites – A comparative study. Composites Science and Technology, 65(15-
16), 2300-2313. 
GOLDSMITH, M. B., SANKAR,  B.V. & HAFTKAL, R. T. 2012. Effects of 
architecture variability on thermomechanical properties of ceramic matrix 
composites. ECCM15 – 15th European Conference on Composite Materials, 
Venice, Italy, 24-28 June 2012 
160 
 
GREGORY, S.W., FREUDENBERG, K.D., BHIMARAJ, P. & SCHADLER, L. S. 
2003. A study on the friction and wear behavior of PTFE filled with alumina 
nanoparticles. J. Wear, 254, 573–580 
HABERSTROH, P. R., BRANDES, J. A., GE˙LINAS, Y., DICKENS, A. F., WIRICK, 
S. & CODY, G. 2006. Chemical composition of the graphitic black carbon 
fraction in riverine and marine sediments at submicron scales using carbon X-
ray spectromicroscopy. Geochim. Cosmochim. Acta 70, 1483–1494. 
 
HAMMEL, E., TANG, X., TRAMPERT, M., SCHMITT, T., MAUTHNER, K., EDER, 
A., & PÖTSCHKE, P. 2004. Carbon nanofibers for composite applications. 
Carbon, 42(5), 1153-1158. 
 HAMELMANN, F., HEINZMANN, U., SZEKERES, A., KIROV, N. & NIKOLOVA, 
T. 2005. Deposition of silicon oxide thin films in TEOS with addition of oxygen 
to the plasma ambient : IR spectra analysis. Journal of Optoelectronics and 
Advanced Materials, 7, 389 - 392. 
HAMAD, B.K., NOOR, A.M., AFIDA., A.R. & MOHD ASRI., M.N. 2010. High 
removal of 4-chloroguaiacol by high surface area of oil palm shell-actived 
carbon with NaOH from aqueous solution. Desalination, 257, 1-7. 
HAMEED B.H. , DIN A. T. M AND AHMAD A. L. 2007. Adsorption of methylene 
blue onto bamboo-based activated carbon: kinetics and equilibrium studies. 
Journal of hazardous materials. 141 (3), 819-825. 
HAN, Z., WOOD,  J.W., HERMAN, H., ZHANG,  C. & STEVENS, G.C. 2008. 
Thermal properties of composites filled with different fillers.  IEEE Inter. Symp. 
El. Ins,  497-501. 
HASAN, M., AHMAD, A. L. & HAMEED, B. H. 2008. Adsorption of reactive dye 
onto cross-linked chitosan/oil palm ash composite beads. Chemical Engineering 
Journal, 136, 164-172. 
HEMMASI, A. H., SAMARIHA, A., TABEI, A., NEMATI, M & KHAKIFIROOZ, A. 
2011. Study of Morphological and Chemical Composition of Fibers from Iranian 
Sugarcane Bagasse. J. Agric. & Environ. Sci., 11(4): 478-481 
HERRMANN, M., WEISE, B., SEMPF, K., BALES, A., RAETHEL, J.  SCHULZ, I. 
2006. Field assisted sitering of ceramic materials. Workshop FhG IFAM, 
Dresden, 03/2006.  
 
HIGUCHI, H. 1955. Biochemical studies of lignin formation, III. Physiologia lantarum 
10:633-648. 
 
HO, W. W. 1996. Low-dielectric-constant materials for ULSI interlayer-dielectric 
applications. MRS bulletin, 22(10), 19-27. 
 
161 
 
HOLLERTZ, R., CHATTERJEE, S., GUTMANN, H., GEIGER, T., NUESCH, F.A. & 
CHU, B.T.T. 2011. Improvement of toughness and electrical properties of epoxy 
composites with carbon nanotubes prepared by industrially relevant processes. 
Nanotechnology, 22,125702 
HUANG, Q., JIANG, D.T.,. OVIDKO, I.A. & MUKHERJEE, A. 2010.  High current 
induced damage on carbon nanotubes: case in spark plasma sintering. Script 
Mater, 63(12), 1181-1184. 
HUANG, X., LIU, W., JIANG, P. & TANAKA, T. 2011. Boron nitride based 
poly(phenylene sulfide) composites with enhanced thermal conductivity and 
breakdown strength. Conf. Proc. Inter. Symp. Ins. El. Mater., 35-38. 
HUSSAIN, F., HOJJATI, M., OKAMOTO, M. & GORGA, R.E. 2006.  Review article: 
Polymer-matrix nanocomposites, processing, manufacturing, and application: an 
overview. Journal of Composite Materials, 40(17), 1511-1575, 2006 
HWANG, I.U., YU, H.N., KIM, S.S., LEE, D.G., SUH, J.D., LEE, S.H., AHN, B.K., 
KIM, S.H. & LIM, T.W. 2008. Bipolar plate made of carbon fiber epoxy 
composite for polymer electrolyte membrane fuel cells. Journal of Power 
Sources, 184, 90-94 
IIJIMA, S. 1991. Helical microtubules of graphitic carbon. Nature, 354, 56-58. 
IVAN, Š. 2008. What could be greener than composites made from polysaccharides? 
Carbohydrate Polymers, 74, 759-762 
ISMAIL, H AND SHAARI, S. M., 2010.  Curing characteristics, tensile properties and      
morphology of palm ash/halloysite nanotubes/ethylene-propylene-diene 
monomer (EPDM) hybrid composites. Polymer Testing, 29 , 872–878 
JATURAPITAKKUL, C., KIATTIKOMOL, K., TANGCHIRAPAT, W. & SAETING, 
T. 2007. Evaluation of the sulfate resistance of concrete containing palm oil fuel 
ash. Construction and Building Materials, 21, 1399-1405. 
JAWAID, M., ABDUL KHALIL, H. P. S., BAKAR, A. A., HASSAN, A. & 
DUNGANI, R. 2013. Effect of jute fibre loading the mechanical and thermal 
properties of oil palm-epoxy composite.  J. Compos. Mater. 47, 1633-1641. 
 
JUSTIN, S AND IANTHE J. D. 2012. Wall Street Journal Goes After Blue Lake 
Biomass Plant. The North Coast Journal. 12, 3-6. 
  
JI, X., LI, H., HUI, D., HSIOA, K.T., OU, J. AND LAU, A.K.T. 2010. I-V 
characteristics and electro-mechanical response of different carbon black/epoxy 
composites. Composites Part B: Engineering, 41, 25-32. 
JIA, Y.F., XIAO, B. & THOMAS, K.M. 2002. Adsorption of metal ions on nitogen 
surface function groups in active carbon. Langmuir, 18, 470-478. 
162 
 
KABIR, M.F., BHATTACHARJEE, D.K. & SATTAR, M.A., 1991. Physical and 
mechanical properties of four bamboo species. Bangladesh Journal of Forest 
Science, 20(1&2), 31-36 
KARASEK,  L., & SUMITA, M. 1996. Characterization of dispersion state of filler and 
polymer-filler interactions in rubbercarbon black composites. Journal of 
Materials Science, 31, 281-289.  
KEBLINSKI, P., PHILLPOT, S. R., CHOI, S. U. S., & EASTMAN, J. A. 2002. 
Mechanism of Heat Flow in Suspensions of Nano-Sized Particles-Nanofluids. 
Int. J. Heat Mass Transfer, 45 (4),   855–863. 
 
KIM, K H., ONG, J L. & Okuno, O. 2002.  The effect of filler loading and morphology 
on the mechanical properties of contemporary composites. J Prosthet Dent 87, 
642–649 
 
KHADIJAH . S., FATIMAH S., AINA, M. F. N. AND HANIM K. 2012.  Utilization 
Of Sugarcane Bagasse In The Production Of Activated Carbon For Groundwater 
Treatment.  
International Journal of Engineering and Applied Sciences. 1 (2),76-85 
KO, Y.M,. KWO, W.T. & KIM, Y.W. 2004.  Development of Al2O3-SiC composite 
tool for machining application.   Ceram. Int. 30, 2081–2086 
KOO, J. H. 2006. Polymer nanocomposites: processing, characterization, and 
applications, McGraw-Hill 
KOCHETOV.,  ANDRITSCH, T., LAFONT, U., MORSHUIS, P.H.F., PICKEN, S.J. & 
SMIT, J.J. 2009. Thermal behavior of epoxy resin filled with high thermal 
conductivity nanopowders.  IEEE El. Ins. Conf., Montreal, QC, Canada, 524-
528. 
 
KONTER M, CARBALLEIRA P, HAUPERT F, WETZEL B AND PELSTER, R. 
2009.On the quality of electrical contactsbetween carbon nano- fibers in 
composite-materials. 73. Jahrestagung der DPG (Deutsche Physikalische 
Gesellschaft) und DPG Frühjahrstagung des Arbeitskreises Festkörperphysik 
Dresden, 22-27.  
 
KOPELIOVICH, D. 2012. Tribological properties of alumina reinforced composites. 
Substances and Technologies, www. substech. com. 
KOTSILKOVA, R.., FRAGIADAKIS, D. & PISSIS, P. 2004. Reinforcement Effect of 
Carbon Nanofillers in an Epoxy Resin System: Rheology, Molecular Dynamics, 
and Mechanical Studies. Journal of Polymer Science: Part B: Polymer Physics,  
43, 522-533 
163 
 
KUHLBUSCH, T. A. J. & CRUTZEN, P. J. 1996.  Black carbon, the global carbon 
cycle and atmospheric carbon dioxide. In Biomass Burning and Global Change. 
Chapter 16 (ed. J. S. Levine). The MIT Press, Cambridge, MA, pp. 160–169. 
 
LAI, A., ITOH, T., & CALOZ, C. 2004. Composite right/left-handed transmission line 
metamaterials. Microwave Magazine, IEEE, 5(3), 34-50. 
 
LAI, A. C. (2004). Modeling particle distribution and deposition in indoor environments 
with a new drift–flux model. Atmospheric Environment, 40(2), 357-367. 
 
LEE, P.D., YI, J. Z, & LINDLEY, T. C. 2006, Statistical modeling of microstructure 
and defect population effects on the fatigue performance of cast A356-T6 
automotive components. Materials Science and Engineering A - Structural 
Materials Properties Microstructure and Processing, 432, 59-68.  
LEE, P. D., YI,  J. Z., &  GAO, Y. X. 2007., Microstructure-based fatigue life 
prediction for cast A356-T6 aluminum-silicon alloys. Metallurgical and 
Materials Transactions B-Process Metallurgy and Materials Processing 
Science, 37, 301-311  
LEVIN, L., KAPLAN, W.D.. BRANDON, D.G.  & LAYYOUS, A.A. 1995.  Effect of 
SiC submicrometer particle size and content on fracture toughness of alumina-
SiC “nanocomposites.  J. Am. Ceram. Soc. 78, 254–256. 
LI, G. Y., WANG, P. M. & ZHAO, X. 2006. Mechanical behavior and microstructure 
of cement composites incorporating surface-treated multi-walled carbon 
nanotubes. Carbon 43(6), 1239-1245. 
 
LI H, DAI H, and WEI H. 2005. Molecular cloning and nucleotide sequence of 
CYP6BF1 from the diamondback moth,Plutella xylostella. 5pp. Journal of Insect 
Science 5:45, available online: insectscience.org/5.45. 
LI, X. B., SHUPE, T. F., PETER, G. F., HSE, C. Y., & EBERHARDT, T. L. 2007. 
Chemical changes with maturation of the bamboo species Phyllostachys 
pubescens. Journal of Tropical Forest Science 19, 6-12. 
 
LI, X., WANG, X., ZHANG, L., LEE, S., & DAI, H. 2008. Chemically derived, 
ultrasmooth graphene nanoribbon semiconductors. Science, 319(5867), 1229-
1232. 
 
LI GY, P. M. WANG PM, AND ZHAO X. 2005. Mechanical behavior and 
microstructure of cement compositesincorporating surface-treated multi-walled 
carbon nanotubes. Carbon. 43:1239-1245.  
164 
 
LI, C. W.  & YAMANIS, J. 1989.  Interfacial characterization of glass and glass-
ceramic matrix/Nicalon®. Ceram. Eng. Sci. Proc. 10, 632 -645. 
LIANG, B., LEHMANN, J., SOLOMON, D., SOHI, S., THIES, J.E., SKJEMSTAD, J. 
O., LUIZA,  F.J.,  ENGELHARD, M.H., NEVES, E. G. & WIRICK,  S. 2008. 
Stability of biomass-derived black carbon in soils. Geochimica et Cosmochimica 
Acta, 72, 6069–6078 
LIESE, W., AND GROSSER, D. 1972. Untersuchungen zur Variabilitat der Faserlange 
bei Bambus. Holzforsch. 26 (6), 202-211 
LIESE, W., AND GROVER, P. N. 1961. The Anatomy of Bamboo Culms. 
Gesellschaft. 74 (2), 105-117. 
LIESE, W. 1985a.  Anatomy and properties of bamboo. Recent research on bamboos. 
Proceedings of the International Bamboo Workshop. October 6-14, 1985, 
Hangzhou, China 
LIESE, W. 1985B. Bamboos: Biology, silvics, properties, utilization. Schriftenreihe der 
GTZ, no. 180. 
 
LOBOVIKOV, M., PAUDEL, S., PIAZZA, M., REN, H., WU, J. 2007  World Bamboo 
Resources: A thematic study prepared in the framework of the global forest 
resources assessment 2005. Food and Agriculture Organization of the United 
Nations, Rome 
LUA. A.C. & GUO. J. 1998.  Preparation and Characterization of Chars from Oil Palm 
Waste. Journal of Materials Science, 21, 81-89. 
LUTZ, F & PHILIPS, R. W. 1983.  A classification and evaluation of composite resin 
systems. J Prosthet Dent, 50: 480–488 
LUDOVIC, L AND  SANJEEB, K. S. 2004. Clean and Efficient Biomass Cogeneration 
Technology in ASEAN. EC-ASEAN COGEN Programme Phase III. Asian 
Institute of Technology. POWER-GEN Asia Conference and Exhibition October 
2004, Bangkok, Thailand.  
 
MAKAR, J. M., AND BEAUDOIN, J. J. (2004). “Carbon nanotubes and their 
application in the construction industry,” Proceedings of 1st International 
Symposium on Nanotechnology in Construction 2004, Paisley, Scotland, 331 – 334. 
MALEKA, O., GONZALEZ-JULIANC, J., VLEUGELSB, J., VANDERAUWERA, 
W., LAUWERS, B., & BELMONTE, M.  2006. Carbon nanofillers for 
machining insulating ceramics.  MaterialToday 14(10), 496–501. 
MANHART, J., KUNZELMANN, K H., CHEN, H Y. & HICKEL, R. 2000. 
Mechanical properties of new composite restorative materials. J Biomed Mater 
Res, 53, 353–361 
165 
 
MELSSEN, B. 2013. National Biomass Strategy 2020: New wealth creation for 
Malaysia’s biomass industry. Agensi Inovasi Malaysia (AIM). 
http://www.mida.gov.my 12 October 2013 
MILLETTE, J.R. 2011.  Using D6602-03b to Investigate Dark Environmental Particles, 
The Newsletter of ASTM Committee D24 On Carbon Black”, Summer 11 (1) 
MOGILEVSKY, G., CHEN, Q., KLEINHAMMES, A. & WU, Y. 2008. The structure 
of multilayered titania nanotubes based on delaminated anatase. Chemical 
Physics Letters, 460, 517-520 
MOHANTY, A.K., MISRA, M. & DRZAL, L.T. (eds.) 2005. Natural fibers, 
biopolymers, and biocomposites. Taylor and Francis. 
MOHAMED, A. R., LEE, K. T., NOOR, N. M. & ZAINUDIN, N. F. 2005. Oil Palm 
Ash/Ca(OH)2/CaSO4 Absorbent for Flue Gas Desulfurization. Chemical 
Engineering & Technology, 28, 939-945. 
MOHAMAD, H. A., MOHSEN, A. E & MOHAMAD, R.R. 2009. The Effect of 
Nanosized Carbon Black on the Physical and Thermo mechanical Properties of 
Al2O3-SiC-SiO2-C Composite. Journal of Nanomaterials.10, 1155-1160. 
MONACHA, L.M., VALAND, J., PATEL, N., WARRIER, A. & MONACHA, S. 2006. 
Nanocomposite for structural application. Indian Journal of Pure and Applied 
Physics. 44, 135-142. 
 
MORSCHER, GREGORY N., AND HALUK SAYIR.1993. Bend properties of 
sapphire fibers at elevated temperatures I: Bend survivability. Materials Science 
and Engineering: A 190(1), 267-274. 
 
MORSCHER, G. N., MAZDIYASNI, K. S., & CHEN, K. 1994. Creep-Resistance of 
Developmental Polycrystalline Yttrium-Aluminum Garnet Fibers. 
 
MORSCHER, G. N., & DICARLO, J. A. 1993. Creep resistance of advanced SiC 
fibers. Proceedings of the NASA 6th Annual HITEMP Review, Cleveland, OH. 
 
MUNIR, S., DAOOD, S., NIMMO, W., CUNLIFFE, A.M. & GIBBS, B.M. 2009. 
Thermal analysis and devolatilization kinetics of cotton stalk, sugar cane bagasse 
and shea meal under nitogen and air atmospheres. Bioresources Technology, 
100, 1413-1418. 
MURPHY, R.J. & ALVIN, K.L 1992. Variation in fibre wall structure in bamboo. 
International Association of Wood Anatomists Bulletin  (IAWA), 13: 403-410 
NAKAMURA, Y., YAMAGUCHI, M., OKUBO,  M. & MATSUMOTO, T. 1992. 
Matsumoto, Effects of particle size on mechanical and impact properties of 
epoxy resin filled with spherical silica. J. Appl. Polym. Sci, 45, 1281–1289 
166 
 
NEGAHDARI, Z., WILLERT-PORADA, M., & SCHERM, F. 2010. Thermal 
properties of homogenous lanthanum hexaaluminate/alumina composite 
ceramics. Journal of the European Ceramic Society, 30, 3103–3109. 
NELSON, J.C. 1993. Selective laser sintering: a definition of the process and an 
empirical sintering model. Ph.D. dissertation, University of Texas, Austin, TX 
NORIMAN, N..Z. 2005. Production and chararcterization of carbon black and activated 
carbon as filled thermoset composites. Bioresources Technology, 92, 140-147 
NIKKESHI, S., KUDO, M. & MASUKO, T. 1998.  Dynamic viscoelastic properties 
and thermal properties of powder-epoxy resin composites. J. Appl. Poly. Sci, 69, 
2593-2598. 
 
NIIHARA, K. 1983. A fracture mechanics analysis of indentation-induced Palmqvist 
crack in ceramics. Journal of materials science letters, 2(5), 221-223. 
 
NIIHARA, K., MORENA, R., & HASSELMAN, D. P. H. 1982. Evaluation ofK Ic of 
brittle solids by the indentation method with low crack-to-indent ratios. Journal 
of Materials Science Letters, 1(1), 13-16. 
OH, S. H., KAUFFMAN, Y., SCHEU, C., KAPLAN, W. D., & RUHLE, M. 2005. 
Ordered Liquid Aluminum at the Interface With Sapphire.  Science, 310 (5748), 
661–663. 
OSARENMWINDA, J.O. & ABODE, S.I. 2010.  Potential of Carbonized Bagasse 
Filler in Rubber Products/  Journal of Emerging Trends in Engineering and 
Applied Sciences (JETEAS) 1(2), 157-160 
OTA, M. 1950. Studies on the properties of bamboo stem (Part 4). Study of the form of 
the specimen in the test of compressive strength. Journal of the Japanese 
Forestry Society, 32: 65-69. 
OZTURK, A & CEREGEN, B.M. 2005. Morphology of ceramic particulates formed in 
a premixed oxygen/acetylene flame from liquid precursor droplets. Acta 
Materialia 53,  2531–2544 
PANDEY, P. C. 2004. Composites Material NPTEL [3.1.2 Civil Engineering] [Online]. 
Available:http://ecourses.vtu.ac.in/nptel/courses/Webcourse-contents/IISc 
BANG/Composite%20Materials/Learning%20material%20-
%20composite%20material.pdf 
PAUL, K.T., SATPHATY, S.K., MANNA, L., CHAKRABORTY, K.K., & NANDO, 
G.B. 2007. Preparation and characterization of nano structured materials from 
fly ash: A waste from thermal power stations, by high energy ball milling. 
Nanoscale Research Letters, 2(8), 397-404. 
PENG, L.M., CAOB,  J.W., NODAC, K. & HAND,  K.S. 2004. Mechanical properties 
of ceramic–metal composites by pressure infiltration of metal into porous 
ceramics. Materials Science and Engineering A, 374, 1–9 
167 
 
PRADHAN, N.R. 2010. Thermal conductivity of nanowires, nanotubes and polymer-
nanotubes composites. Thesis of Department of Physics, Worcester Polytechnic 
Institute. 64-82 
PRASANTHA R. MUDIMELA, LARISA I. NASIBULINA, ALBERT G. 
NASIBULIN, AND ANDRZEJ CWIRZEN. 2009. Synthesis of carbon 
nanotubes and nanofibers on silica and cement matrix materials. Journal of 
Nanomaterials; 2, 1-14. 
PRASETYOKO, D., RAMLI, Z., ENDUD, S., HAMDAN, H. & SULIKOWSKI, B. 
2006. Conversion of rice husk ash to zeolite beta. Waste Management, 26, 1173-
1179. 
PRIES, M, H. MILITZ, B. GOODELL, X. XIE, Y. QIAN, M. PETERSON. & LPEZ-
ANIDO, R.  2010.  A Note on Reinforcement of Polymer Matrix Composites 
Using Carbon Residues, Derived From Woody Biomass. Journal of Composite 
Materials OnlineFirst, published on February 25, 2013. 
RAJ, R. & WANG, J. 1991.  Activation energy for the sintering of two-phase 
alumina/zirconia ceramics. J. Am. Ceram. Soc. 74 (8), 1959–1963 
RAO, C.N.R., MULLER, A. & CHEETHAM, A.K. 2004. The Chemistry of 
Nanomaterials: Synthesis, Properties and Applications , John Wiley & Sons 
REHMAN, M.A. & ISHAQ, S.M. 1947. Seasoning and shrinkage of bamboo. Ind. For. 
Rec. (New Series) Utilisation, 4(2):1-22. 
REYNOLDS, C., L. CROMPTON AND J. MILLS, 2010. Livestock and climate change 
impacts in developing world. Outlook Agric., 39: 245-248. 
RIGGS, J. E., GUO, Z. X., CARROLL, D. L., & SUN, Y. P. 2000. Strong luminescence 
of solubilized carbon nanotubes. J. Am. Chem. Soc. 122(24), 5879-5888 
RIU, D. H., KONG, Y. M. & KIM, H. E. 2000. Effect of Cr2O3 addition on 
microstructural evolution and mechanical properties of Al2O3.  J. Eur. Ceram. 
Soc. 20(10), 1475–1481. 
 
RODNEY, R. S., & DONALD. L. C. 1995. Mechanical and thermal properties of 
carbon nanotubes. Carbon, 33(7), 925-930. 
 
ROMANOSCHI, O., COLLIER, J. R., PETROVAN, S. AND NEGULESCU, I. 1998. 
Polymer Melts and Concentrated Solutions Elongational Viscosity. In Technical 
Papers Of The Annual Technical Conference-Society Of Plastics Engineers 
Incorporated Society Of Plastics Engineers Inc. 1, 972-976. 
ROTHON, R.N. 1997.  Mineral fillers in thermoplastics: filler manufacture. J. 
Adhesion, 64, 87–109 
ROTHON, R.N. 1999. Mineral fillers in thermoplastics: filler manufacture and 
characterization. J. Adv. Polym. Sci, 139,  67–107 
168 
 
ROY, R.S., GUCHHAIT,  H., CHANDA, A., BASU, D. & MITRA, M.K. 2007. Mitra, 
Improved sliding wear-resistance of alumina with sub-micro grain size: a 
comparison with coarser grained material. J. Eur. Ceram. Soc., 27, 4737–4743 
RUIZ, V., BLANCO, C., GRANDA, M., MENENDEZ, R. & SANTAMARIA, R. 
2007. Influence of electrode preparation on the electrochemical behaviour of 
carbon-based supercapasitors. Journal of Applied Electrochemistry, 37, 717-721. 
RUIZ, V., BLANCO, C., SANTAMARIA, R., RAMOS-FERNANDEZ, J.M., 
MARTINEZ-ESCANDELL, M., SEPULVEDA-ESCRIBANO, A. & 
RODRIGUEZ-REINOSO, F 2009. An activated carbon monolith as an electrode 
material for supercapacitors. Carbon, 47, 195-200. 
SALAMONE, J. C. 1996. Polymeric materials encyclopedia, CRC Press 
SANDU, V., ALDICA,  G., POPA, S & SANDU E. 2009. Effect of Li-Halides on the 
Morphology of Cuprates Ceramics and Their Properties under Neutron 
Irradiation. Journal of Physics: Conference Series 152, 12-56 
SATRY, K.Y., FROYEN, L., VLEUGELS, J., BENTEFOUR, E.H. & GLORIEUX, C. 
2004. Effect of porosity on thermal conductivity of Al-Si-Fe-X alloy powder 
compact. J. Thermophysics, 25(15), 1611-1622. 
SCHWARTZ, M. M. 1997. Composite Materials: Processing, fabrication, and 
applications, Prentice Hall PTR. 
 
SCOTT CARTER, 1985.  Electrostatic Discharge (ESD) Properties of Plastic 
Packaging: Terminology,Standards,and Measurement. Tek Pak Technical 
Bulletin No. 101, 1-5 
 
SHARMA, S.N., TEWARI,  M.C & SHARMA, R.P. 1972. Chemical seasoning of 
bamboo in the round for handicrafts. Journal of Timber Development 
Association of India, 18(7): 17-25 
 
SHARMA S.P. AND LAKKAD S.C. 2010.  Compressive strength of carbon nanotubes 
grown on carbon fiber reinforced epoxy matrix multi-scale hybrid composites. 
Surface and Coatings Technology, 205, 350–355. 
 
SHAW, L., LUO, H., VILLEGAS, J., & MIRACLE, D. (2003). Thermal stability of 
nanostructured Al< sub> 93</sub> Fe< sub> 3</sub> Cr< sub> 2</sub> Ti< 
sub> 2</sub> alloys prepared via mechanical alloying. Acta materialia, 51(9), 
2647-2663. 
 
SHIIYAMA K., HOWLADER M.M.R., ZINKLE S.J., SHIKAMA T., KUTSUWADA 
M., MATSUMURA S. AND KINOSHITA. C., 1998.Electrical conductivity and 
169 
 
current-voltage characteristics of alumina with or without neutron and electron 
irradiation. Journal of Nuclear Materials. 258-263:1848-1855. 
SIMCHI, A. 2006. Direct laser sintering of metal powders: Mechanism, kinetics and 
microstructural features. Materials Science and Engineering A., 428, 148–158 
SINGH, R.N., VYAS, D.K., SRIVASTAVA, N.S.L. & NARRA, M. 2008.  SPRERI 
experience on holistic approach to utilize all parts of Jatropha curcas fruit for 
energy.  Renewable Energy 33, 1868–1873 
 
SMYTH A.X. 1997. Development of a free solution capillary electrophoresis method 
for the separation and quantitation of D- and L-phenylalanine methyl ester. 
Analytical Letters, 29, 991-1001. 
 
SMYTH, J. F., SCHULTZ S., FREDKIN D. R., KERN D. P., RISHTON S. A., 
SCHMID H., CALI M., AND KOHLER T. R. 1991. Hysteresis in lithographic 
arrays of permalloy particles: Experiment and theory. J. Appl. Phys.69, (8), 
5262–5266. 
 
SMYTH, P. 1997. Alumina networks, hidden Markov models, and Markov random 
fields: A unifying view. Pattern recognition letters, 18(11), 1261-1268. 
 
SOMMERS, A., WANG,  Q., HAN,  X., TJOEN,  C., PARK,  Y. & JACOBI, A. 2010. 
Ceramics and ceramic matrix composites for heat exchangers in advanced 
thermal systems A review. Applied Thermal Engineering, 12(5), 1-15. 
 
STABIK, J., AND DYBOWSKA. A.2007. Methods of preparing polymeric gradient 
composites.  Journal of Achievements in Materials and Manufacturing 
Engineering, 25(1) 67-70. 
STABIK, J. M., ROJEK, Ł., SUCHORI, K. & MROWIEC. 2012. Carbon materials as 
fillers for polymer matrix.  Composites, A, 53(1), 29-37. 
STRONG, A. B. & PLOSKONKA, C. A. 1989. Fundamentals of composites 
manufacturing: materials, methods, and applications, Society of Manufacturing 
Engineers, Publications Development Dept., Reference Publications Division. 
SUBRAMANIAM, V., MA, A. N., CHOO, Y. M. & SULAIMAN, N. M. N. 2008. 
Environmental performance of the milling process of Malaysian palm oil using 
the life cycle assessment approach. American Journal of Environmental 
Sciences, 4, 310-315. 
 
SUCHSLAND, O., & WOODSON, G. E. 1987. Fiberboard manufacturing practices in 
the United States. Agriculture handbook/United States. Dept. of Agriculture. 
170 
 
SUMANTHI, S., CHAI, S.P. and MOHAMED, A.R. 2008. Utilization of oil palm as a 
source of renewable energy in Malaysia. Renewable and Sustainable Energy 
Reviews, 12(9),  2404-2421 
SURJOKUSUMO, S &. NUGROHO, N. 1995. A study on Denrocalamus asper as 
concrete reinforcement. Bamboo, People the Environment. Volume 3 
Engineering and Utilization. INBAR Technical Report No. 8.1996 
SZUTKOWSKA, M. & BONIECKI, M. 2002. Crack Growth Resistance of Alumina 
Tool Ceramics, Proceedings of the World Congress on “Powder Metallurgy and 
Particulate Materials” PM2TEC’2002, Orlando, 6 (2002) 34-38. 
SZUTKOWSKA, M. 2012.  Fracture toughness of advanced alumina ceramics and 
alumina matrix composites used for cutting tool edges. J. Achienvements in 
Materials and Manufacturing Engineering, 54(2), 202-210 
TAVMAN, I. H. 1997.  Thermal and mechanical properties of copper powder filled 
poly (ethylene) composites. J. Powder Tech, 91, 63–67. 
TAMOLANG, F.N., LOPEZ, F.R. SERMANA, J.A., CASIN, R.F. & ESPILOY, Z.B. 
1980. Properties and utilization of Philippines erect bamboos. In Seminar 
Bamboo Research in Asia, May 28-30, 1980. Singapore: International 
Development Research Centre and the International Union of Forestry Research 
Organization, Eds. Lessard, G. and A, Chouinard. 189-200 
TANGCHIRAPAT, W., SAETING, T., JATURAPITAKKUL, C., KIATTIKOMOL, K. 
& SIRIPANICHGORN, A. 2007. Use of waste ash from palm oil industry in 
concrete. Waste Management, 27, 81-88. 
TENG, X., LIU, H. & HUANG, C. 2007. Effect of Al2O3 particle size on the 
mechanical properties of alumina-based ceramics.  Mater. Sci. Eng. 452-453, 
545-551. 
TENBOHLEN, S., STREIBL, F., SPRATLER, C., & HARTMANN. J. 2010. 
Leiterplatten-EMV-Filter. GMM-Fachbericht-AmE 2010-Automotive meets 
Electronics 
TEWARI, M., SINGH, V. K., GOPE,  P. C. & CHAUDHARY, A. 2012. Evaluation of 
Mechanical Properties of Bagasse-Glass Fiber Reinforced Composite. J. Mater. 
Environ. Sci. 3 (1),  171-184 
 
TIBBETTS, 1985. Lengths of carbon fibers grown from iron catalyst particles in natural 
gas. Journal of Crystal Growth, 73(3), 431-438. 
TIBBETTS, G. G., LAKE, M. L., STRONG, K. L., & RICE, B. P. 2007. A review of 
the fabrication and properties of vapor-grown carbon nanofiber/polymer 
composites. Composites Science and Technology, 67(7), 1709-1718. 
UEDA, K. 1981. Bamboo industry in Japan- present and future. Paper presented at XVII 
IUFRO World Congress held in Kyoto, Japan. September 6-17th., 1981. 
171 
 
VADLAMANI, D. & UNIVERSITY, W. V. 2007. Strain energy density based failure 
criterion for GFRP coupons under tension and bending, West Virginia 
University. 
 
VASYLKIV, O., SAKKA, Y., & SKOROKHOD, V. V. 2003. Low‐Temperature 
Processing and Mechanical Properties of Zirconia and Zirconia–Alumina 
Nanoceramics. Journal of the American Ceramic Society, 86(2), 299-304. 
 
VERMA, D., GOPE, P.C., MAHESHWARI, M.K. & SHARMA,  R.K. 2012. Bagasse 
Fiber Composites-A Review. J. Mater. Environ. Sci. 3 (6), 1079-1092 
 
VYAS, D.K, &  SINGH, R.N. 2007.  Technical Note, Feasibility study of Jatropha seed 
husk as an open core gasifier feedstock.  Renewable Energy 32, 512–517. 
WANG, B. X., ZHOU, L. P., & PENG, X. F. 2006.  Surface and Size Effects on the 
Specific Heat Capacity of Nanoparticles.  Int. J. Thermophys, 27, 139–151. 
WANG, L., TAN, Z. C., MENG, S. H., LIANG, D., & LI, G. H. 2001. Enhancement of 
Molar Heat Capacity of Nanostructured Al2O3.  J. Nanopart. Res, 3, 483–487. 
WELHAM, N.J., BERBENNI, V. & CHAPMAN, P.G. 2002. Increased chemisoption 
onto actived carbon after ball-milling. Carbon, 40, 2307-2315. 
WENIG, J. K., LANGAN, B. W., and Ward, M. A. (1997). “Pozzolanic reaction in 
portland cement, silica fume, and fly ash mixtures,” Can. J. Civil Eng. 24(5), 
754-760. 
WILLIAMS, P., BIERNACKI, J., RAWN, C., WALKER, L. & BAI, J. 2005. 
Microanalytical and Computational Analysis of Class F Fly Ash. Journal Name: 
ACI Mater. J.; Journal Volume: 102, Medium: X; Size: 330 - 337. 
WU, C.L., ZHANG, M.Q., RONG, M.Z. & FRIEDRICH, K. 2002. Tensile performance 
improvement of low nanoparticles filled polypropylene composites. Composites 
Science and Technology, 62, 1327-1340. 
WU, Y.-M., ZHAO, Z.-L., LI, H.-B. & HE, F. 2009. Low temperature pyrolysis 
characteristics of major components of biomass. Journal of Fuel Chemistry and 
Technology, 37, 427-432. 
XU, Y.R.,  ZANGVIL, A. KERBER, A. 1997. SiC nanoparticle-reinforced Al2O3 
matrix composites: role of intra- and intergranular particles. J. Eur. Ceram. Soc. 
17, 921–928 
XUE, L., KEBLINSKI, P., PHILLPOT, S. R., CHOI, S. U.S., & EASTMAN, J. A. 
2004. Effect of Liquid Layering at the Liquid–Solid Interface on Thermal 
Transport. Int. J. Heat Mass Transfer, 47,  4277–4284. 
YANG, X., SU, Z.,,HUANG,  Q., FANG, X. & CHAI, L. 2013. Microstructure and 
Mechanical Properties of C/CeZrCeSiC Composites Fabricated by Reactive 
172 
 
Melt Infiltration with Zr, Si Mixed Powders. J. Mater. Sci. Technol., 29(8), 702-
710 
ZHANG, W., DEHGHANI-SANIJ, A.A. & BLACKBURN, R.S. 2007. Carbon based 
conductive polymer composites. Journal of Materials Science, 42(10), 3408-
3418. 
ZHANG, S., CAO,  X. Y., MAI,  Y. M., KE, Y. C., ZHANG,  J. K. & WANG, F. S.  
2011. The effects of particle size and content on the thermal conductivity and 
mechanical properties of Al2O3/high density polyethylene (HDPE) composites. 
eXPRESS Polymer Letters, 5(7), 581–590 
ZHU, K. & SCHMAUDER, S. 2003. Prediction of the failure properties of short fiber 
reinforced composites with metal and polymer matrix. J. Comput. Mater. Sci, 
28, 743–748. 
ZHU, J., Morgan, C.L.S., Norman, J.M., Yue, W., and Lowery, B. (2004). Combined 
mappingof soil properties using a multi-scale tree-structured spatial model. 
Geoderma,118,321–334. 
 
ZHU, W., BARTOS, P. J. M., AND PORRO, A. (2004). “Application of 
nanotechnology in construction,” Mater. Struct. 37(9), 649-658.   
ZAINUDIN, N.F., LEE, K.T., KOMARUDDIN, A.H., BHATIA, S., & MOHAMED, 
A.R. 2005. Study of adsorbent prepared from oil palm ash (OPA) for fuel gas 
desulfurization. Saparation and Purification Technology, 45(1), 50-60. 
 ZOU, L.H., WALI, N.,   YANG, J.M. & BANSAL, N.P. 2010. Evaluation of ultra-high 
temperature ceramics for aeropropulsion use. J. Eur. Ceram. Soc. 30, 1527-
1535. 
ZOU, H., WU, S. & SHEN, J. 2008. Polymer/Silica Nanocomposites: Preparation, 
Characterization, Properties and Applications. Chemical Reviews, 108, 3893-
3973. 
 
ZIELISKI, T AND KIJENSKI, J. 2004. Plasma Carbon Black-The New Active 
Additive for Plastics. Composites: Part A 36, 467-471. 
 
 
 
 
 
 
 
 
 
 
 
 
173 
 
APPENDIX A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
~ .. ,.,. . . ,.,"'""'' "'"'""'""""------------biores o u rces .con 
Nanobioceramic Composites: A Study of Mechanical, 
Morphological, and Thermal Propenies 
TnE a1n 01 tnl5 stucry was to a-)'J)Iore m= llCOf)XIratton d DlOmas& c:trtiOn 
nanornen; (c.;Nt") .ruo ar::r.onceo ceramiC. t:){()l'l'liiSS rrom oanooo. 
oaga&e- (remaN or w:Jarc.vte after preSSing). ana on ~m asn W36 
u6EO a> the pre~r tor prociUCing c:trtiOn ClacK nartOX:eF6. FUmaoe 
pyrorya '&'a& camea o~t at 1000 ·c ana was roro-....eo oy tl.ll-mll 
p~ to ow1n cart10n ronoltllel'$ tn tne range or SO nm tl 100 nm. 
CNF$ '&'ere aooe<1 '0 a lt.11111\3 In Var')Uig Wei~ trad:!"OI'I$ ana the 
resumrg rrooure was w~a to vacutn~ SlrtEm g at 1~00 'C to 
p~ nanotllooeramiC c:ompo611~s. me cetaT~IC cornposr.es '&'ere 
Chafae'.atzeo ror mecnan~ea~. ::nermaJ. ana morpi'KIJOgeal proper.es. A 
hJgiWIHOIII:I"on cnarge-cou~ea O?VIOe (CCD) camera "''a& U6e<l ~ stuay 
me ~ 1mp.act ana the ra:•~ mecf\.TIJSm. M hetW6E In the 
IOJ(fng pertentag= at CNF& In the a lt.lflf\3 OEaeasecl tl'le SpecifiC 
gravny. v~e&m nartr~KS (HV). ana fracture 'ougMess v.¥oK d m= 
COI"Jl)Oil:= matetla::&. Ft.rtnarnore. tne tnamal ~ ana the 
tl'lenna· sr.aour:y or thE cerarrv.c compo61te 1nereaseo as comparea to me 
prt$1!ne a1t.n11na. 
Kt)•ordl: Ctrtmk ~·rc. Cal'ixM -frlkr, 1'llt~II"JCA/Ufy.cu, M~cllaruMI fll'll'f!U1N1 
Cowa ct ·~: <J: SC.ftln« cf lldd.n:ll rt(lfltcltJgy, tnlr>"l"n!ll' .14PU t.:IOto;;,qa, 1 1600, J"me~~~t. 
1.14/(fjsla: b: ~"'<:If ~ul<.111dApplttd .'klt'l,rtJ, Um~l"tJii Tdl!o(llfl PttlfJtf.U. JI1S(I 
?'NnoA, Pt.ral. Mall3)'1t4,' c: !kltnol ojMtwm( Md loit:lrtnal F.itgtMtn·..,. {/Jttwn.lrl S..U Mol.:l)\llcJ, 
U(}(J{) Ttumtrtrt, Pt.11<1J11. lolo(a,:QtJ.; d: $(<1ttJCI oji.Jjt h~t~!t, A'II" ilu fllltwn...,., Klfw!~» 9?tlt, 
/Jattgb:lt.sla; c: t~>t.nln PM-traU:tlOJ""IJ. Fac"(t'fofFrwts.rry, JJJ(J(I Stl.1..,.,.., loit:l.b)$U;' J: 
.'OI<Mol rtf l.t}! .'klm«s. cmd Ttchrlof~~&Y, INritMI Ttho.loge'!Jor.dwJtr, ("~ l4b1U XI, Jtlatt Gmtts.-., 
10, ~ l(}lJ2, Wtn Jav.:J~t.;~; ~ormpa.i111g ar«l»r. AlllcJII~IIIUI'L.t'Otl 
INTRODUCTION 
Biom:t!.s as a precun.or of c:uboo i; \\'eU koown as (!::1 3Ctin w.-wi:d for ~ 
s::or:age ruxi com.·~"!.ioo. Na:ur:tlligDoce.Uui.O!.ic fiber bas a bifh arbon cootmt ruxi good 
P!C¥-'1ies. Jtte, flax, cocoout shell~ oil palm. OOmboo, bagasse, aDd oil palm as.b are 
~tural fibers tb:u coa::riD high arboo cootmt (Abdul Kh:ilil 91 aL 2009). !h.e preferred 
sowu of cstou o:mofilla-(CNF) in this srudy i; biomzs, wbic.b is 3bt:aldmtly a\"3ilable 
a; vt'a;:e from tbe apiculnaal3Cti\ iW iD ~ialaysia. Spec::ifia.lly. bioaw; from b:nnboo 
(Ci..,"'Wttoo.·JrJ.xt .:<lliV~t11init), b.lG'l.u e, aud oil p.WU Mb h ~.tlly w-ed IU a ~or 
of caibo:n blxk. ~~ is e.'t'tmne.ly porou;, bs a l~ge surftce .u-ea, ruxi is eypkally 
p!Oduced from. or~c precuJ"!..t; ruc.b as bamboo, b3ga;se, cocoau: s.heUs, pabu-kem.el 
she-ll;, vtood chips, sawdust,. comcobs, :u:d SHds. 
Ca...OOl onteri:U; ba\.-e a mtu."aaly high e.lecaicU cooducti\ ity ruld low cost, high 
surf!ce :t."el,. ?OfOSU)', aod f~bility. :md posses; good cbe!llical :u:d electrocb.emjcal 
resisti\it)' (Mndimela w aL 2009). Cuboo bbck is a form of~ arbon ilia: bs 
:m e.wem!ly ~ surface area to volum.e ratio. As strl., it i; one of tbe firsf D3llO-
S3stnryar H iJJ (20 14~ "H3nocartl0n fOr ceramiC$," BKIR9SOII.I'C'$$ 9(1), 861-87 1. 861 
174 
 
APPENDIX B  
 
 
"'""'""'"'-"''"'v""''"'"'~"·"''==· _________ bioresources. com 
I 
2 Carbon !':!li3notiiJM enhance Ceramic composite: Thermal 
3 and Electrical studies. 
4 
i Study to enhsnce s dvsnce cersmic. s lumins (A b-Oa) with 
& cs,'bon ruw..o.1i!lel(CNF) from oil palm ssh (OPA). O il palm 
9 ss:, used ss the pred ecessor for obtaining csrbon black 
10 ruw..o~ through 1000°C fumsce pyrolysis with continued 
11 ball milling. CNFs in rsnge of 50nm to 100nm is s dded to 
12 s iLmins by vsrying we ight fractions s nd sintered s t 1400°C 
13 to obtain CNF cersmic composite. CNF cersmic composite 
14 were subjected to thel'm91snd electricsl studies. The thei'IY\91 
15 ex~ansion based on the increments! of we ight of CNF d id 
16 not g ive positive s dvsnces. The composite behaved null or 
1 i ssme ss the mstrix s lumins. The electricsl studies on IV 
1& showed the we ight increase of CNF g ave pcsitfve results. 
19 ESD properties also g ave s predictable result fto m ina.u.ts.tke.. 
20 nsture of s lumins to d issips tfl..·e with s dding O'lFs. W ith the 
2 1 ex<Stence ofCNFs into cersmic. the ns ture of new compos!!e 
22 rmints ins the thermsl expansion but improves the electricsl 
23 chuscteristics. 
24 
2; T~h. O;f rf. u> (OF A) . Cv..,_, ~ ( 0>7) . "-<-.! <~J'<i<~ ( CT<) . Zi<<w,,.,;. 
26 D~c~ (ESD) . V~~ -n...: (H j . 
Z7 
2& ~: ~~~ :.. S::~!#'Jt:.iW~=t Tc<="~. c:...=.cnl.~ s.::;c'"c.W:.JO,y.r"=, 
29 !!UY.J .w~ ... Pc=q. .W:.!O:y.r"=, b. S::~ #'.W!<:cr:i =i.W~r::i b:g!<:ccrkg. c:~=.cnl.~ s.::;c'"c 
30 .W:.!O:y.rJ.:.J..IJIJJJ. ""evn•~ in. Pc=q. .W:.!O:y.r.=; '"C.Wn.t~ ~: &~~.:.i!c~ 
31 
32 
33 INTROOI!CTION 
34 
35 Th~ pot-mtisl of Oil p3lm a3h (OPA) ti a n~' SU~ in compos-it~ bOO b:-m 
36 srudi~ by uv·-ersl r-w-..3tcl!.~ (Ismail and Haw, 2008), (Ismail and S!wri, 2010). and 
3i (Bbst and Abdul Klnlil. 20 11). n.~ m~cal, th~ ph)"$-ical and motph.ological 
3& properti~ of th~ compos-it~ vari~ upon th~ incotpOtStion of OPA into th~ compos-it~ 
39 syst~ such ti fill~ loaiing (Ismail and Ha\:.', 2008); (ls1mil and S!wri, 20 10). ell~ of 
40 rornpnjb)iV'( v.ith OPA (Bbst and Abdul Kl!alil. 20 11). and stru:cru.tsl si~ of OPA (Bbst 
41 and Abdul Klnlil. 20ll). OPA h mrutsl fi~ which contains high carbon con.t-mt and 
42 this 1m b:-m impir~ v.ith th~ grov.ing int~~t in th~ oil p3lm V."$H ut ilimion ti a 
43 r-:n.~"Sbl~ souroe of en.~gy. In this study OPA ti pr~~ of carbon bls.:k h a fotm of 
44 amotph.oil<: carbon 1m an enr~~y high s~ at~ to volum~ tstio{Pt$smtha et al., 
45 2009). mi ti such it h ChT s. As kt!.ov.n, carbon mst~sls hJv·~ high el~irical 
46 con.ductivi '}·, lov.• cost, high s~ at~ :porosity, fcrm.sbility and posv-..ss good 
4i ch~cal md el~~cal r~htivity ( Pra··mth et al., 2009). This also support by 
 1 
CHAPTER 1 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
Nano biocomposites are nanometer scaled sized biofillers from biomass that 
gives unique advantages over traditional inorganic nanoparticles. The nature of nano 
sized biofillers exhibit the predominant advantages such as easily available, low density, 
have high specific strength, high rigidity and superconductive properties (Andreoni, 
2010). This gives considerable interest in application and research studies of its 
characteristics.  Significant improvement in terms of mechanical, barrier and thermal 
properties have been reported in such nano biocomposites (Alan et al., 2009). 
Moreover, nano-composites have been used in application of high voltage electrical 
insulation system and many studies reported on the influence of nano-composites in 
terms of dielectric properties (Alexandre and Dubios, 2000).  
  Carbon as an active material for energy storage and conversion is well known 
to be the precursors of the natural biomass.  Biomass based nanofillers consist of the 
rod-like whiskers of cellulose and chitin, the platelet-like nanocrystals of starch, the 
self-organized nanophase of supramolecular lignin complexes and many artificial 
nanofillers derived from biomass (Chang et al., 2011).   
The carbon nanotechnology discovery begins with fullerenes carbons in 1985 
and continues with carbon nanotube in the year 1991(Andreoni, 2010). The main 
inhibitor of the carbon nanotechnology growth was the production cost. The 
advancement in combustion methods for producing fullerenes reduced the production 
cost by at least one tenth. This enhancement was accelerated with the novel discovery of 
carbon nanotubes (CNTs) and nanofillers (CNFs) material (Andreoni, 2010). This 
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material has unique geometrical structure, stable mechanical and chemical properties.  
Research study by Reynolds et al., (2010),  estimated, the market for carbon nanotube 
was worth $100 million in the year 2007 and will be increasing of it production with 
next 5 years as many more commercial carbon nanomaterial produce for industrial 
applications.   
Since the growth of the high performance nano-composite materials for 
engineering applications under high demanding working conditions has been increasing, 
the safety endurance and economic efficiency of these composites must have excellent 
mechanical and tribological properties. They also need to have low specific weight and 
high resistance to degradation.  Due to their good mechanical performance and low 
density, these composites are considered highly for electrical conductivity applications 
(Alan et al., 2009).     
Thus, industrial applications often introduce new usage of composite materials 
which in return, covers some of the demanded properties such as mechanically 
reinforcing fillers or fibers (glass, carbon and aramid) or particles such as ceramic 
powders (Arivalagan, 2011). The nanoparticles’ matrix deformation less than micro 
particles and integrate better into the composite microstructure as they approach to 
molecular dimensions. The strong interactions with the matrix, can be expected that the 
nanoparticle influences the deformation mechanisms in the composite matrix on the 
microscale and the nanoscale (Arivalagan, 2011). Nanoparticles have good dispersion in 
the matrix which results in a more uniform stress distribution and also minimizes the 
presence of agglomerates which acts as stress concentration centers. This will increase 
the general strength and modulus of the composite totally.   
In this study, sources of carbon nanofiller (CNF) from biomass which is 
abundantly available waste from the agricultural activities in Malaysia is used as 
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nanoparticles. Naturally lignocellulosic fiber contains high carbon content with good 
properties (Abdul Khalil et al., 2009).  The potential of Oil palm ash (OPA) as a new 
filler in composites had been studied by several researcher (Ismail and Haw, 2008), 
(Ismail and Shaari, 2010) and (Bhat and Abdul Khalil, 2011). The OPA act as a 
precursor of carbon black is a form of amorphous carbon has an extremely high surface 
area to volume ratio (Prasantha et al., 2009).  
In Malaysia, the biomass abundant including empty fruit branches (EFB), 
coconut shells, oil palm waste and others were produced about few million tons metric a 
year (Abdul Khalil and Rozman, 2004). Specifically, the biomass from bamboo 
(Gigantochloa scoretechinii), bagasse and oil palm ash is used as a precursor of carbon 
black. The CNF is extremely porous with large surface area, and typically produced 
from organic precursors such as bamboo, bagasse, coconut shells, palm-kernel shells, 
wood chips, sawdust, corncob and seeds (Noriman, 2005).   
Currently, in advance ceramic the nanoparticles used to strengthen are mainly 
inorganic. With the successive introduction of CNFs from biomass to strengthen 
advance ceramic such as alumina, zirconia, silicon nitride, alumina nitride, boron nitride 
and etc. enhances the electrical properties of insulating ceramics. This will allow 
electrical discharge and other properties of the ceramic to be either preserved or even 
improved. This advanced nano composite materials have gained popularity for wide 
engineering applications. Along with their unique mechanical, thermal, and electrical 
properties, this improves all types of products and commercialization of products that 
exploit within. Many researches have also demonstrated the use of nano structural 
materials as reinforcements, such as nano apatite, nanoclay and nanoﬁbers(polymer-
based or carbon nanotubes) to enhance the mechanical properties and thermal stability 
(Alan et al., 2009). The use of a carbon source has improved the thermal shock 
 4 
resistance of the refractory due to the low thermal expansion, high thermal conductivity, 
and low modulus of elasticity in composites. On the other hand, these composites have a 
few disadvantages, such as oxidation (Amin et al., 2009). The CNT/CNF reinforced 
cement composites are able to provide electromagnetic interference shielding (Fu and 
Chang 1996) and also capable of non-destructive flaw detection (Chen and Chung, 
1993). Utilization of CNTs/CNFs has been investigated for applications in electronic 
and construction industry although the expected improvement has not been fully 
achieved (Li et al., 2005).  Moreover, the electrical conductivity can be imparted by 
having the dispersed CNTs/CNFs particles direct into contact by making a continuous 
phase of conductive pathway (Al-Saleh and Sundararaj, 2008).  
The addition of CNF greatly enhances the electrical properties of insulating 
ceramics allowing electrical discharge machining to be used to manufacture intricate 
parts. This new opportunity of advance ceramic parts with adding CNF can be 
manufactured for the engineering and biomedical applications. Since the CNFs 
discovery, a great deal of attention has been given due to their exceptional properties 
(Calvert, 2009; Zhu et al, 2004; Makar and Beaudoin, 2004). This attention also 
includes their usage as nanofillers in ceramic materials in order to develop tougher 
composites (Weing et al., 1997).  
This study has been carried out, by varying loading percentage of CNF in 
alumina matrix (ceramic). The morphological study was further conducted to 
understand the interaction between the CNF and alumina matrix. Once the series of 
composite mixture is obtained, the mechanical, electromechanical, and nano-structural 
studies are carried on to understand the characteristics of nanofillers in advance ceramic. 
This aimed to enhance current and future applications in advance industries such as 
electronic, microelectronic, aerospace and etc. 
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1.2 Problem Statement 
The aim is an exploration to incorporate biomass nanofillers carbons into 
advance ceramic matrix.  This study is to understand the bio-agricultural waste as a 
subsequent replacement fillers as in nanofillers for advance ceramics which currently 
inorganic fillers has been use to gain engineering application.  The study also aimed on 
the bio waste carbon particularly due to low cost comparability among the industrial 
inorganic fillers. The abundant availability and feasible to gain engineering application 
mainly in thermal and electrical conductivity is an important factor of carbon nanofillers 
in this study. Naturally this study requires scientific approach in terms of qualitative and 
qualitative evident. The lack of detail sufficient scientific information about the 
utilization of biomass carbon nanofillers in advance ceramic is the novelty exploration 
in terms of characteristics and future application.      
 
1.3 Scope of Work 
The scope of research is to investigate the usage of natural bio mass and 
agricultural waste added to advance ceramic to give an industrial application and a 
novel in nano materials studies to reinforce current and future commercial products.  
This combination of unique properties of CNFs and advance ceramics is brought 
together to produce biomass nanofiller reinforce advance ceramic.  Physical, 
mechanical, thermal and electrical analysis conducted to discover the unseen 
possibilities of creating new engineered materials for productive applications. As 
known, today CNF composites products are used as electrically conductive additives in 
automotive plastics for automotive fuel systems requiring antistatic properties.  The 
CNF composites are known for exhibiting unique mechanical, electrical and thermal 
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properties. They are very useful for a wide range of engineering applications in 
materials.  
In semiconductor industry, the CNF-based products procure very promising 
additives. Thus, they have a clear competitive advantage since the trends in electronics 
towards smaller and smaller components will only be possible with cleaner materials.  
Their fibrous structure which finely dispersed in materials gives a good electrically 
conductivity. This increases the number of electrical contacts and ensure a smoother 
flow of electrons. Therefore, a lower content of additive is needed to give good 
resistivity, compare to inorganic fillers. The comparison between carbon fillers and 
metals, during designing antistatic materials meant to use in clean room environment, 
demands the decreasing probability of contaminating microchips and other sensitive 
components. Thus, this study is an exploration to further understand the benefits of CNF 
reinforce advance ceramic in terms of mechanical properties, electro thermal and 
electrical conductivity. 
 
1.4 Objectives 
This research study is planned to carry out the following objectives: 
1. To characterizes the properties of selected biomass carbon black nanofiller of 
bamboo, bagasse and oil palm ash;  
2. To investigate the differences of  varying loading percentage of  carbon black 
nanofiller from the selected biomass on alumina matrix composite and to study  
the mechanical and electro thermal properties;  
3. To study the morphological interaction between the carbon black nanofiller and 
alumina matrix. 
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1.5 Organization of Thesis 
This thesis has been divided into five (5) chapters. The brief description and 
contents of this thesis (chapter-wise) are given below. 
 Chapter 1:  This chapter gives the introduction of the research work.  It 
illustrates the background, problem statement, scope of work of the research and 
describes the objectives for this research study.  
 Chapter 2:  In this chapter, literature review of the research study is given.  
Review of biomass material, composite, carbon black, carbon nanofillers and 
application of CNF-ceramic composite. 
 Chapter 3: This chapter consists of the materials and methods used in this 
research study.   Thus, illustration of raw material used in the preparation of carbon 
black, predecessor for CNFs and the analysis of carbon black along with CNFs 
characteristics. The final product, nano-biocomposite (CNF+Alumina)’s preparation 
through sintering process.  The analysis conducted on the nano-biocomposite includes 
physical, mechanical, thermal and electrical properties.  
 Chapter 4: This chapter reports, all the results and discussion conducted from the 
analysis.  Carbon black, CNFs and nano biocomposite analysis results and discussion in 
agreement with the fulfillment of the objectives of this research study. 
 Chapter 5: In this chapter, conclusion and recommendation is given.  The overall 
conclusion with the nano-biocomposite is summarized and future recommendation is 
also suggested. 
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CHAPTER 2 
LITERATURE REVIEW 
 
 
 
 
2.1 Biomass 
Earth’s vegetation which covers the planet is a natural storage of solar energy. 
The organic matter composing it is called biomass. Biomass is produced through the 
photosynthesis process, with the combination of carbon dioxide from the atmosphere 
and underground water. The final product of photosynthesis are sugars, starch, cellulose, 
lignin, protein substances, fats, etc. The same solar energy that activated the 
photosynthesis is contained in the chemical bonds of these substances. This translates to  
2 x 1011 tons of carbons are fixed each year, with a corresponding energy content of 70 
x 103 megatons of oil (Justin and Ianthe, 2012). 
Once the biomass undergoes burning, oxygen form the atmosphere combines 
with the carbon contained in the biomass, thus generating energy in the form of heat. It 
also freeing carbon dioxide and water to the nature. Carbon dioxide goes back into the 
atmosphere and will be re-used in the photosynthesis process to produce new biomass 
(Melssen, 2013). Hence these recycle process makes biomass is a renewable resource. 
Generally, biomass indicates several types of products: agricultural, forest residues, 
waste of wood processing industry, food residues, urban waste, production of fuel waste 
and other types of heterogeneous industrial waste (Melssen, 2013). In additional the 
scope has been extended to extending include all types of biomass from sources such as 
rubber, wood and rice husk (Ludovic and Sanjeeb, 2004). 
 
The world biomass production estimates in 104.9 petagrams (104.9 X 1015 g) of 
carbon per year. This is concentrated half in the ocean and half on land (Alan and 
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Andrew, 1997). Traditionally, humans have harvested biomass energy ever since fire 
was introduced to humans (Justin and Ianthe, 2012).  At present era, biomass is popular 
source of fuel for domestic use in many developing countries. 
In Malaysia, currently about 12 percent of Gross Nation Income (GNI) is 
generated from the agriculture sector. This value is a significant amount of biomass 
generated every year across a variety of crops. The palm oil is the largest contributor to 
GNI within agriculture sector, contributing about 8 percent or over RM 80 billion. 
Nevertheless the palm oil activities, generates the largest amount of biomass. It is 
estimated in 2012, at 83 million tons. It is expected to increase to about 100 million dry 
tons by 2020 (Melssen, 2013). The National Biomass Strategy 2020, had thus far 
focused on oil palm biomass. The oil palm biomass generated today is generally 
returned to field to release its nutrients and replenish the soil, as organic fertilizer.  This 
biomass, organic fertilizer plays an important role to ensure the sustainability and 
potential high value usage as bioenergy, bioethanol and bio based chemicals. (Ludovic 
and Sanjeeb, 2004). 
By 2020, an additional of 20 million tonnes of oil palm biomass is expected to 
be utilized for higher-value uses and could have a significantly contributed to the 
nation’s economy. Thus, this translates to a significant incremental addition of RM 30 
billion by 2020 (Melssen, 2013). This National Biomass Strategy 2020 offers Malaysia 
a way to meet its renewable energy target, reduce emissions and create about 66,000 
incremental jobs. It also offers an opportunity strategy for Malaysia to build several 
biofuels (pellets and ethanol) and bio based chemical downstream clusters and ensure 
the nation benefits from the potential value creation (Melssen, 2013). 
On contrary, from a supply chain perspective, by 2020, Malaysia’s palm oil 
industry is expected to generate about 100 million dry tons of solid biomass which 
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includes the empty fruit bunches (EFB), mesocarp fibres (MF), palm kernel shells 
(PKS), the oil palm fronds and trunks (Rahman et al., 2006). A huge amount of this 
solid biomass will be in the plantations as fertilizer. A small fraction amount will be 
utilized for bioenergy and as an introduction to renewable energy (Melssen, 2013).  
Mostly unused palm oil mill effluent (POME) will be converted into biogas for 
either powering the mills or selling power. This activities will add into the national grid 
and would contribute towards the renewable energy target of Malaysia, 410 MW 
installed biogas capacity by 2030 (Melssen, 2013).  
This initiative alone would reduce the nation’s carbon dioxide (CO2) emissions 
by 12 percent. Therefore, it will also free up significant biomass for higher value usage. 
This combination gives the potential of freeing up to 20–30%, the available solid 
biomass for higher value added uses without affecting oil palm yields (Ioannidou and 
Zabaniotou, 2007). The successful realization of National Biomass Strategy is strongly 
depending upon collaboration among many government agencies with biomass 
production owners in Malaysia. This will require the support from the private sector and 
academically research institutions (Melssen, 2013). 
 
 
2.1.1 Bamboo 
 
Bamboo fibre is also a good candidate of non-wood fibres and can be exploited for the 
design and development of polymer composites. It is found in abundance in Asia and 
South America. In many Asian countries, bamboo (Figure 2.1) has not been explored 
fully to its extent although it is considered as natural engineering material. This 
sustainable material has evolved as backbone for socio-economical status of society as it 
takes several months to grow up. Traditionally bamboo has been used in various living 
facility and tools, which owes to its high strength to its weight. Due to the extra lignin 
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content covering the bamboo ﬁbres, it is non-brittle in nature as compared to other 
natural fibre and possessed finer mechanical properties (Abdul Khalil et al. 2012c). 
Six countries in Asia which are India, China, Indonesia, Philippines, Myanmar, and 
Vietnam has the largest area of bamboo vegetation. Almost 11.4 million hectares are 
from India and 5.4 million hectares are from China and 2 million hectares are from 
Indonesia. India and China are reported as the largest area which approximately 70 
percentage of total area of bamboo in Asia. The bamboo area in Asia has increased by 
10 percentages over the last 15 years, primarily due to large-scale planting of bamboo in 
China and to a lesser extent in India (Lobovikov et al. 2007). 
Bamboos range in size from low, shrubby forms only ten feet (3 m) tall to 
towering giants over 100 feet (30 m). Aerial stems (called culms) develop from scaly, 
underground stems called rhizomes that bear roots at the nodes where the leaf like 
scales are attached (Clark, 2003).  
 
 
 
 
 
 
 
 
 
 
Figure 2.1: Bamboo 
 
 12 
The supply of bamboo from natural stands is abundant in Peninsular Malaysia. 
The extent of natural bamboo stands in Peninsular Malaysia was estimated about 
400,000 hectares. They are mostly found in ex-logging areas in the states of Kelantan, 
Terengganu, Pahang, Perak and Negeri Sembilan. The dominant species is 
Gigantochloa scortechinii that has large culm diameter (Abdul Razak, 1989) 
The selection of bamboo species for various applications is not only related to 
physical and mechanical properties but also to the chemical composition (Tomalang et 
al., 1980). The chemical composition of bamboo varies according to species, conditions 
of growth, age of bamboo and the part of the culm. Cellulose, hemicellulose and lignin 
make up the main constituents of bamboo with resins, tannins, waxes and inorganic salts 
as minor constituents. Bamboo normally consists of about 50-70% holocellulose with 
30% pentosans and 20-25% lignin (Tamalong et al., 1980; Chen et al., 1985) According 
to Amanda et al. (1996), bamboo contain 44.5% cellulose, 20.5% lignin, 32% soluble 
matter, 0.3% nitrogen and 2% ash. Li et al. (2007), in their study on Phyllostachyas 
pubbescens  bamboo species found that the average relative proportion of the main 
chemical constituents are holocellulose (71.4%), α-cellulose (47%), klason lignin 
(22.8%), alcohol-toluene soluble extractive (5%) and ash (1.5%). 
The proportion of lignin and carbohydrates in bamboo changes within the first 
year with the culm maturation when the soft and fragile sprout becomes hard and strong. 
However, after full maturation, the chemical composition tends to remain constant.   
The nodes contain less water-soluble extractives, ash and lignin but more cellulose than 
the internodes. The season influences the amount of water-soluble materials present, 
which are higher in the dry season than in the rainy season. The starch content reaches 
its maximum in the driest months before the rainy season and sprouting (Liese, 1985). 
The ash content (1-5%) is higher in the inner part than in the outer one. The silica varies 
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on an average from 0.5 to 4%, increasing from bottom to top. Most silica is deposited in 
the epidermis, whereas the nodes contain little silica and the tissues of the internodes 
almost none. Silica content affects the pulping properties of bamboo (Abdul Khalil et al. 
2012c). It is important to understand the physical and mechanical properties of bamboo 
in order to effectively utilize bamboo as a material industrial or structural applications in 
Malaysia (Abdul. Latif, 1991).  
Table 2.1 illustrated the chemical composition in bamboo, studied by Higuchi, 
1955. The study on the physical characteristics of bamboo indicated that bamboo 
generally tapers from the base towards the tip with significant decrease in culm 
diameter, girth, internode length and culm wall thickness. It reaches its maximum height 
within a year.   
 
Table 2.1: Chemical analysis of bamboo (Higuchi, 1955) 
Component Value, % 
Cellulose  49.1% 
Lignin  26.1% 
Extractives soluble in alcohol – acetone 4.6% 
Pentosan 27.7% 
Ash content 1.3% 
 
The bamboo diameter and girth which further implies that bamboo acquires its 
full diameter during sprouting and thus attains its final diameter without showing any 
secondary thickening (Ueda, 1981; Liese, 1985b; Chaturvedi, 1988). The culm literally 
consists of nodes and internodes with cells in the internodes axially oriented while at the 
nodes they are transversely orientated. The epidermal layer of the internodes are 
generally made up of a highly lignified and cutinized layer with a wax coating on top 
but the inner layer is made up of numerous sclerenchyma cells. In transverse section, the 
anatomical structure is determined by the vascular bundles present with the one at the 
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peripheral normally appearing small but numerous. On the other hand, vascular bundles 
found in the inner part are larger but fewer (Liese, 1985a).  
Brown et al. (1952) reported that the wood of many tree-species (particularly in 
coniferous tree), decreases in basic density with increasing distance above the ground. 
However, this is the opposite of bamboo where the density increases with height while 
the moisture content decreases. The variation in physical properties is associated with 
the anatomical structure of bamboo (Liese and Grover, 1961; Sharma et al., 1972). 
Many inconsistent results were however reported with regards to density relationships 
due to its variable properties. The physical properties such as moisture content, specific 
gravity and volumetric shrinkage in bamboo; Dendrocalamus hamiltonii are 
significantly affected by the height position and presence of nodes. The internodes of 
the culm were found to have higher moisture contents and volumetric shrinkage with 
lower specific gravity (Kabir et al., 1995). 
The node of a bamboo culm consists of the nodal ridge, the sheath scar and the 
diaphragm. From anatomical studies of bamboo it has been concluded that nodes play 
an important role in determining the physical and mechanical properties of bamboo; the 
fiber length increases from the nodes to the center of the internodes. However, it does 
not occur at constant intervals that causes a problem in design considerations and 
practice, as joints and/or support are preferably located near nodes for round form 
applications(Abdul. Latif, 1991). Surjokusumo and Nugroho (1995) reported that the 
presence of nodes is a disadvantage as a reinforcement material except for the properties 
of shear and shrinkage. 
Ota (1950) was the first to investigate on the influence of the percentage of 
structural elements on the specific gravity and compressive strength of bamboo splints 
from the outer and inner layer. Across the culm wall the fiber length often increases 
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from the periphery towards the middle and decreases towards the inner part. Murphy and 
Alvin (1992) investigated bamboo; Physllostachys virideglaucescens and found that the 
extent of polylamellation was influenced by the position of the vascular bundle in the 
culm wall and significantly with position within the vascular bundles. This characteristic 
pattern of fiber wall lamellation probably influences the mechanical properties and 
failure characteristics of the material and warrants further investigation. 
 
 
2.1.2 Bagasse 
 
Bagasse as shown in Figure 2.2 (sometimes spelled bagass) is the biomass 
remaining after sugarcane stalks have been crushed to extract their juice. Sugarcane or 
Sugar cane (Saccharum) is a genus of 6 to 37 species (depending on taxonomic 
interpretation) of tall grasses (family Poaceae, tribe Andropogoneae). They are native to 
warm temperate to tropical regions and their fibrous stalks that are rich in sugar and 
measure 2 to 6 meters tall.   Typical commercial varieties grown under normal field 
conditions have a height of 1.5 to 3 meters and are 1.8 to 5 cm in diameter. The stalk 
surface can be greenish, yellowish or reddish in color and is covered with a thin waxy 
layer (Dillewijn, 1952). 30% of bagasse is produced by a sugar factory. These crushed 
stalks; bagasse consists of 50% cellulose, 25% hemicelluloses, and 25% lignin 
(Hemmasi et al., 2011). Bagasse represents fibers that are obtained from the stem or 
stalk of the plants, and not classified as bast fibers (Romanoschi et al., 1998). Chemical 
composition of sugarcane bagasse is shown in Table 2.2. The arrangement pattern of 
bast fibers are in a definite ring pattern, while in sugar cane they are more randomly 
dispersed. Cellulose is a natural linear polymer and has polymer chains of 2000 to 3000 
units (Paturau, 1989) with a specific gravity about 1.55 (Elsunni and Collier, 1996). 
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Cellulose is highly crystalline regardless of the source and the ordered chains are tightly 
packed, have a strong intermolecular hydrogen bonding because of the preponderance 
of hydroxyl groups (Romanoschi et al., 1998).  
Table 2.2: Chemical composition of sugarcane bagasse. ( Hemmasi et al., 2011) 
Component Value, % 
Cellulose  55.8 % 
Lignin  20.5 % 
Extractives soluble in alcohol – acetone 3.3 % 
Ash content 1.9 % 
 
Huge amount of efforts and research have attempted to utilize bagasse as a 
renewable feedstock for power generation and for the production of bio-based materials. 
Bagasse is often used as a primary fuel source for sugar mills by burning in large 
quantity to produce sufficient heat energy for the sugar mill.  A secondary use of 
bagasse is introduced to cogeneration the use as a fuel source to provide heat energy and 
electricity (Tewari et al., 2012).  
 
 
 
 
 
 
 
 
 
Figure 2.2: Bagasse 
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The CO2 emissions from this activities, are equal to the amount of CO2 that the 
sugarcane plant used up from the atmosphere during its growing phase, this makes the 
process of cogeneration appear to be greenhouse gas-neutral (Verma et al., 2012). 
Bagasse newsprint paper is a commercially successful in India, Mexico, and 
Indonesia (Romanoschi, 1998). Bagasse is rich in cellulose content and currently tested 
for production of commercial quantities such as a “Tree-Free” alternative for making 
paper. Furthermore, there is no bleaching required in this process and it is more 
biodegradable, easier to recycle, and overall has less impact on the environment 
(Chiparus, 2004).  
Currently 85% of bagasse production is burnt and the excess is deposited on 
empty fields to alter the landscape in Brazil.  Approximately 9% of bagasse is used in 
alcohol (ethanol) production and it is a good replacement for the fossil fuels in terms of 
environmentally friendly fuel. In additional, ethanol is a very versatile chemical in 
which a variety of chemicals can be produced. In Brazil, ethanol produced from the 
sugarcane is a popular fuel (Verma et al., 2012).  
 
The Louisiana State University (LSU) conducted a research to determine the 
feasibility of sugar cane rind fibers for textile and geotextile applications (Elsunni and 
Collier 1996). A suitable nonwoven mat for geotextiles should sustain, or at least, 
prevent erosion and at the same time it should be penetrable by growing plants. It also 
must be capable of permitting interaction between air, soil and allow rain to penetrate 
(Collier et al., 1995). Thus, the local sugar cane mills can produce a low-cost, 
biodegradable geotextile which will be providing an economic benefits.  
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2.1.3 Oil Palm Ash 
 
As the second largest producer and the largest exporter of crude palm oil in the 
world, Malaysia has accumulated huge amount of biomass (80 million tonnes in 2010) 
(Choong, 2012). The utilization of oil palm ash (Figure 2.3) as a renewable source of 
energy or feedstock has been a growing inspiring interest. This is further strengthened 
and driven by the insight that oil constitutes only 10% of the palm production, while the 
rest 90% is the biomass. (Foo and Hameed, 2009a).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3:  Oil Palm Ash 
 
Currently with the arrival concept of generating energy from oil palm waste, in 
the forms of palm leaves, OPF, OPT, EFB, PKF, palm fibers and palm stones 
(Chavalparit et al., 2006), has received stern encourages and considerations worldwide. 
During the combustion at 800–1000°C from the fired-boiler furnaces, the oil palm ash 
waste becomes one of the largest readily available and under-utilized biomass resource. 
The oil palm ash collected from the particulate collection equipment attached upstream 
to the stacks of oil palm waste fired boilers (Chindaprasirt et al., 2008a).  
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In Malaysia alone, the potential oil palm ash production is designated at 4 
million tons/year (Mohamed et al., 2005). This gives a huge criticisms and complaints, 
mainly attributed to its persistent, carcinogenic and bio-accumulative effects 
(Subramaniam et al., 2008). Addition to that, the price of the ash disposal cost (either in 
landfills or ash ponds) hitting as high as $5/tons in developing countries and $50/tons in 
developed countries, thus, needs an urgency of transforming the residue into a more 
valuable end product has been promulgated. Table 2.3 exhibits the composition analysis 
of the OPA. The raw OPA was evidenced consisting a rather spherical particles with a 
median size of 183.0 µm while medium and small particles ground palm ash were 
individually noted containing crushed shape structures with a median of 15.9 and 7.4 
µm (Jaturapitakkul et al., 2007).   
 
Table 2.3: The inorganic composition analysis of the OPA 
 
Chemical constituents Composition(%) 
 
(1) (2) (3) (4) (5) (6) (7) 
Silicon dioxide 63.6 57.7 65.3 57.8 65.3 57.7 43.6 
Aluminum oxide 1.6 4.5 2.5 4.6 2.6 4.6 11.4 
Iron oxide 1.4 3.3 1.9 3.3 2 3.3 8.4 
Calcium oxide 7.6 6.5 6.4 6.6 6.4 6.6 4.8 
Magnesium 
oxide 
3.9 4.2 3 4.2 3.1 4.2 0.4 
Sodium oxide 0.1 0.5 0.3 0.5 0.3 0.5 4.7 
Potassium oxide 6.9 8.2 5.7 8.3 5.7 8.3 3.5 
Sulfur trioxide 0.2 0.2 0.4 0.3 0.5 0.3 2.8 
Loss of ignition 9.6 10.5 10 10.1 10.1 10.5 18 
SiO2+Al2O3 
+Fe2O3 
66.6 65.5 69.9 65.7 69.9 65.6 63.4 
*(Chindaprasirt et al., 2008b)1, (Tangchirapat et al., 2009)2, (Jaturapitakkul et al., 
2007)3, (Chindaprasirt et al., 2007)4, (Chindaprasirt et al., 2007)5, (Tangchirapat et al., 
2007)6, (Awal and Hussin, 1997)7 
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In most cases, the chemical elements of oil palm ash are found to be silicon 
dioxide, aluminum oxide, iron oxide, calcium oxide, magnesium oxide, sodium oxide, 
potassium oxide and sulfur trioxide (Foo and Hameed, 2009a). The varieties of 
proportion of irrigated area, geographical conditions, fertilizers used, climatic variation, 
soil chemistry, timeliness of production and agronomic practices in the oil palm growth 
process contributes to the chemical elements’ fluctuation in OPA. 
Currently the throwaway waste from the fired-boiler furnaces, Oil palm ash has 
emerged as an ideal adsorbent in the wastewater treatment processes and as air purifier 
(Dahlan et al., 2007). Several researchers had working with OPA as novel adsorbents 
for different applications; (Mohamed et al., 2005; Zainudin et al., 2005; Chu and 
Hashim, 2002; Ahmad et al., 2007; Hameed et al., 2007; Hasan et al., 2008). The 
finding provides a two-fold advantage with respect to environmental management. First, 
by converting to useful and value-added adsorbents, the huge loads of oil palm waste 
can be reduced. Second, with the development of low-cost adsorbent, it may overcome 
the wastewaters and air pollution at a reasonable cost. This will solve a part of the 
global agricultural refuse and wastewater treatment problem (Foo and Hameed, 2009b). 
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2.2   Carbon Black (CB)  
Carbon is a very important component of all known living systems, and without 
it life as we know it could not exist (Bird and Gro¨cke, 1997). It is also found in 
abundance in the sun, stars, comets, and atmospheres of most planets (Kuhlbusch and 
Crutzen, 1996). Carbon was discovered in prehistory by ancient humans, who 
manufactured it by burning organic material in insufficient oxygen (making charcoal). 
In the current age, the major economic use of carbon is in the form of hydrocarbons, 
most notably the fossil fuel methane gas and crude oil (petroleum).  Crude oil forms the 
raw material for many synthetic substances, many of which are collectively called 
plastics (Liang et al., 2008). 
The name carbon black is generally used as a generic name for those blacks that 
are made from the partial burning or carbonizing of natural gas, oil, wood, vegetables 
and other organic matter. On the basis of a number of factors such as low production 
cost and purity these carbon blacks can be a starting material for carbon nanotechnology 
(Koo, 2006).  Since carbon absorbs light so well, it often appears dark with infrared 
imaging, revealing an artist's charcoal sketch under the painting (Haberstroh, 2006).  
Carbon black (Figure 2.4) is known to have high porosity. Carbon black flame 
produces infrared rays not visible with our eyes. This warmth promotes proper blood 
circulation and renewal. Carbon black generates negative ions and used in the 
parasympathetic nervous system, which relaxes the mind and body system (Kuhlbusch 
and Crutzen, 1996).   
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Figure 2.4: Carbon Black (Kuhlbusch and Crutzen, 1996) 
Carbon black is a form of para-crystalline carbon that has a high surface-area-to-
volume ratio. However, carbon black is widely used as a model compound for diesel 
soot for diesel oxidation experiments (Kuhlbusch and Crutzen, 1996).  
 
2.2.1   Carbon Black classification 
Carbon black is also used as a pigment in inks, paints and coatings and in 
plastics. Exposures to carbon black vary markedly between and within production 
facilities and over time. Carbon black classification is based on the application and 
usage, hence approximate about 95% it’s usage in rubber technology (Pries et al., 2010).  
In addition to the huge demand of carbon black introduce into ultra-high technology and 
industry, hence American Standard of Testing and Measurement (ASTM) have 
introduce a system which has been widely accepted, as shown in Table 2.4.  This system 
is based on the maturity of carbon black-channel black against acid and neutral carbon 
black maturity against nature (Antal et al., 2003).    
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Table 2.4: Carbon Black Classification (Donnet and Andries, 1976) 
Second Digit Diameter (nm) Old Code Type of Carbon Black 
0 1-10 - - 
1 11-19 SAF Super abrasion furnace 
2 20-25 ISAF Intermediate super abrasion furnace 
3 26-30 HAF 
EPC 
MPC 
High abrasion furnace 
Easy and medium processing channel 
4 31-39 FF Fine furnace 
5 40-48 FEF Fast extrusion furnace 
6 49-60 GPF 
HMF 
General purpose furnace 
High modulus furnace 
7 61-100 SRF Semi reinforcing furnace 
8 101-200 FT Fine thermal 
9 201-500 MT Medium thermal 
 
 
2.2.2   Carbon Black usage 
The most common usage of carbon black is as a pigment and reinforcing phase 
in automobile tires. Carbon black also helps conduct heat away from the tread and belt 
area of the tire, reducing thermal damage and increasing tire life. Carbon black particles 
are also employed in some radar absorbent materials and in printer toner.  In year 2006, 
the total production of carbon black  was about 78932789 kiloton’s (Stabik and 
Dybowska, 2007). About 20% of world production goes into belts, hoses, and other 
rubber goods. The highest volume of carbon black is used as reinforcing filler in rubber 
products, especially tires. (Zieliski and Kijelski, 2004). 
Carbon black also used to reinforce composite materials, particularly the class of 
materials known as carbon fiber reinforced plastics. This class of materials is used in 
aircraft parts, high-performance vehicles, tuner cars, sporting equipment, wind generator 
blades and gears and other demanding mechanical applications (Singh et al., 2008; Vyas 
and Singh, 2007).  Reinforced carbon-carbon (RCC) consists of carbon fiber-reinforced 
graphite, and is used structurally in high-temperature applications, such as the nose cone 
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and leading edges of the space shuttle. Carbon black is also used for the manufacture of 
dry cells in the electrical industry, the pharmaceutical industry or in the manufacture of 
paints and varnishes (Singh et al., 2008; Vyas and Singh, 2007).  
 
 
2.3   Carbon Nano fillers (CNF)  
The discovery of carbon nanotechnology begins with discoveries of fullerenes in 
1985 and then carbon nanotube in the year 1991. The production cost of the fullerens 
halted the growth of carbon nanotechnology for a few years. With the advancement in 
the combustion methods, the production cost is expected to come down by at least one 
tenth for producing fullerenes (Kotsilkova et al., 2005). While many researchers are 
trying to look for other alternatives to produce carbon nanoparticles, carbon black is one 
of the cheapest available sources. Carbon black is being produced all over the world in 
large quantities and the main drawback of carbon black is its very low crystalline nature 
(Abdul Khalil et al., 2010; 2012). 
The major transformation required is crystallization of carbon black, heating or 
graphitization process increases the crystallization of amorphous carbon. It known that 
heating alone does not provide good result for converting carbon black to carbon nano-
onions. It is important to get the right quality of nano-onions for a good crystallinity 
carbon black (Hollertz et al., 2011). 
On the basis of a number of factors such as low production cost and purity, these 
carbon blacks can be a starting material for carbon nanotechnology (Chatterjee et al., 
2012). Researchers have produced carbon nano-onions from carbon blacks upon 
irradiation of electron beam of high current density of 150A/cm square (Hollertz et al., 
2011).  
